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ABSTRACT 
A study was carri ed out on the in vitro effects of cytocha lasin B on melanocytes and ker-
atinocytes obta ined from guinea pig skin. Observations of cell cul tures made with t ime-
lapse cinematography a nd electron microscopy show that cytocha lasi n produces marked 
changes in cell morphology. After addition of this drug, the edges of the kerati nocytes re-
t ract and ruff1ing of the cell membrane ceases. M elanocytes shrink in diameter but main-
tai n contact with the keratinocytes. In keratinocytes, the ba nd of 30- 70 A microfila ments 
just beneath t he cell membrane is replaced by masses of granular and short filam entous 
materia l. Microtubules and bundles of 60- 110 A fi laments di spersed throughout the keratin-
ocyte are una ffected. In cytochalasin-treated melanocytes a ba nd of 30- 70 A microfilaments 
just beneath the ce ll membrane is a lso replaced by granular and fila mentous material. 
Pigment donation from melanocytes to keratinocytes is not observed. The effects of cyto-
cha las in are reversible . These resul ts show that there is a correlation between the in tegrity 
of t he microfil a ment systems and the main tenance of morphology and move ment of the 
melanocytes and keratinocytes. 
T h e fun ctional appa ratus conce rned with the 
maintenance of normal skin color in ma mmals 
consists of pigment cells or melanocytes and their 
surrounding kerat inocytes which together form an 
epidermal melanin uni t, EMU (1). This EMU is 
involved in at least four fund a menta l processes. 
These a re: t he manufacture of mela noso mes 
within the melanocytes and their movement out 
into t he melanocyte dendrites, t he attachment of 
the melanocytes to the kerati nocytes, t he t ransfer 
of melanosomes from the mela nocytes into the 
keratinocytes, and the brea kdown and movement 
of the melanosome complexes within the keratin -
ocytes. 
T he mechanisms involved in ce ll attachment 
and p igment transfer are s till unclear. In vitro 
obser vations on melanocytes and kerat inocytes 
have demonstrated that the cell membrane of the 
keratinocytes undulates very active ly in the area 
of contact wi th a melanocyte dendri te (2, 3). In -
trace llular microfila ments have been implicated 
as being involved in membra ne ruffling or undu-
lation in a variety of cells (4- 9). Studies show that 
filaments are present in mammalian melanocytes 
and keratinocytes both in vivo ( 10- 12) and in 
vitro (13, 14) . However, their role in cell activi ty 
and pigment donation is unknown. Recen t ly a 
drug, cytochalasin B, has been shown to disrupt 
microfilaments in a number of cells (15-17). The 
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effect of cytocha las in on microfilaments in these 
ce lls correlates wi th changes in cellula r activity. 
We therefore consid ered it of interest to investi-
gate the effects of cytocha lasin B on microfi la-
ments in ma mmalian melanocytes a nd keratino-
cytes and to see if these effects bear any relation-
ship to ce ll memb ra ne act ivity a nd pigment 
t ransfer. 
MATERIALS AND METHODS 
Cell cultures of adul t guinea pig epidermis were es-
tablished in Cruicksha nk chambers and plastic Cooper 
dishes according to a modi fication of previously de-
scribed methods (2, 18, 19). S ma ll grafts of ear skin 
were obtained using a keratome and placed derma l side 
down in a 0.04 % EDTA solu t ion for 25 minu tes at 37° C 
and then in a 0.135% t rypsin solution fo r 10 minutes at 
37° C. The skin was spli t and the epiderma l cells were 
dispersed a nd suspended in Eagle's Minima l Essent ial 
Media conta ining 10% calf serum to wh ich 20% fetal 
calf serum was added. T he medium a lso conta ined peni -
cillin (100 units/ ml) , streptomycin (100 llg/ ml) and 
Mycostat in (75 uni ts/ ml). T he cell suspe nsion was di -
lu ted and injected into Cruickshank chambers and 
plastic Cooper d ishes a nd incubated at 37 ° C. 
The cells were observed by phase contrast microscopy 
and thei r behavior recorded by t ime-lapse cinemicrog-
raphy with Kodak P lus -X Reversa l fi lm. Cu lt ures 
ranging in age from 7 to 15 days were treated with 1 to 
10 llg/ml cytochalas in B (Imperial Chem ical Industries, 
Ltd ., Alderley Park, Macclesfi eld, Cheshire, U. K.). 
Stock solu t ions of 1 mg cytochalas in per m l dimethyl 
sulfoxide (DMSO) were prepared. Cul ture media con-
tai ning 1 to 10 llg/ ml cytochalasin was in troduced to t he 
cultures and the cells were observed and photographed 
for periods ra nging from 20 minutes to 4 V2 hours. Con-
t rols received from 0. 1 to 1% DMSO in the cultu re 
media . 
Cul tures were then fixed for electron microscopy in 
3% glutaraldehyde in phosphate buffer for 15 minutes 
foll owed by phosphate buffered 1% osmium tetroxide for 
15 minutes. Cells were t reated en bloc with 1% uranyl 
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acetate (20) in ma leate buffer for 35-60 minutes, rap idly 
dehyd rated in a graded series of alcohols and embedded 
in Epon 812. Th in sections were cut parallel to the sur-
face of the dish. The sections were stained with alco-
holic uranyl acetate and lead citrate and examined with 
an RCA-3G electron mi croscope. 
RESU LTS 
By the end of one wee k t he cultures have be-
com e well established and melanocytes and kera-
t in ocytes a re num erous. T he keratinocytes are 
!1attened and have form ed sheets, the melano-
cytes have mult ipl e branching processes and a 
la rge number a re associated with keratinocytes . 
Pigment donat ion is obse rved from t he mela no-
cytes to the kerat inocytes. 
Addit ion of cytocha las in B to the cul tures pro-
duces ma rked changes in ce ll morphology. The 
effect of t his d rug depends upon its concentration 
a nd the treatment t ime. Figure 1 was taken from 
a t ime- lapse film and shows t he response of cells 
of a n 8-day-o ld cul tu re to a 20 minute t reatment 
in cytocha las in B (10 !Lg/ml) . Figure 1a shows two 
keratinocytes a nd two melanocytes before treat-
ment. By 5 minutes after addition of cytocha lasin 
t he mela nocytes have started to shrink in diame-
ter, and the prev iously undulating edges of t he 
keratinocytes have begun to retract. After 20 
minutes, the mela nocytes have shrunk furth er in 
diamete r and the de ndri t ic processes have be-
come beaded in a ppearance (F ig. lb) . Ce ll move-
ment is inhibi ted . T he ruff1in g or undulations of 
the keratinocyte me mb ra ne cease a nd only sli ght 
surface activity is obse rved. The mela nocytes 
rema in attached to the keratinocytes . Part icle 
movement within both mela nocytes and keratino-
cytes is still obse rved but pigment donation is 
not. 
T he effect of cytocha lasin is reversib le. F ive 
minutes after medium without cytochalasin is 
added to t he cu ltures, both the mela nocytes a nd 
the keratinocytes have begun to reexpand. Ruf-
t1ing of the cell me mbra nes of the keratinocytes 
resumes a nd within 1 hour after dru g remova l the 
cells a ppear to have recovered (F ig. 1c) . In a 
number of cases pigment donation between mela-
nocytes and keratinocytes is observed and in 
ma ny instances both cell ty pes also cha nge sha pe 
a nd mig rate. 
No change in morphology or act ivity of cells in 
co ntrol cul tures is obse rved when med ium with 
DMSO is added. 
Lower dosages of cytocha lasin (5 a nd 1 !Lg ml) 
were also t reated . A longer treatment t ime (1 to 
4 V2 hours respectively) is re~w i red in order to 
produce an effect . T he results are s imila r to those 
obtained witH a higher dosage of cytocha lasin . 
E lectron microsco pic s tudies show that cyto-
chalas in has an effect on microfilaments in the 
cu lt ured melanocytes and kerati nocytes. Figure 2 
shows a portion of a sheet of keratinocytes from 
an 8-day-old culture. It can be seen that these 
cells are close ly attached to one another. A band 
of 30-70 A microfil a ments is observed just beneath 
t he cell membra ne (Figs . 2 and 3) . Bundles of 60-
llO A fil a ments as well as microt ubules a re a lso 
observed wit hin t hese cells . In melanocytes a 
band of 30- 70 A microfilame nts is likewise ob-
se rved just beneath t he cell membra ne (F ig. 6). 
M icrotubules are present a nd are or ien tated par-
F I G. 1. Control, cytochalasin -trea ted and " re· 
covered" melanocytes and kerat inocytes from an 8-day· 
old cul ture of guinea pig ear epidermis. (a) Two melano· 
cytes (M) and two keratinocytes (K) in normal medium, 
(b) the same cells after 20 minutes in 10 ,ug/ml of cyto· 
chalasin, (c) the same cells 1 hour after removal of cyto· 
chalas in from the medium. Phase contrast. x 150. 
F IG. 2. Section of a port ion of a sheet of keratinocytes from a n un t reated 8-day-old cul ture. The kerat inocytes 
(K) a r e closely attached to each other (a rrows). A ba nd of microfil a ments (F) is observed just beneath the cell mem-
brane. Bundles of fil a ments (FB) a re also present. Nuclei (N) are observed as well as a melanosome complex (M C) . 
X 1,800. 
FIG. 3. Higher magnification of enclosed area, Fig. 2. Note the band of microfil a ments (F) beneath the cell mem-
brane . Bundles of fil a ments (FB) and microtubu les (Mt) a re also present. x 30,000. 
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FIG. 4. Section of a portion of a sheet of keratinocytes from an 8-day-old culture treated for 20 minutes with 10 
1-lg/ml of cytochalasin. The keratinocytes (K) are pulling apart (arrows). A mass of fine fil amentous materia l (FM) is 
observed just beneath the cell membrane. Bundles of filame nts (FB) a re also presen t. A keratinocyte nucleus (i\) 
and melanosomes (M) are observed. x 5,400. 
FIG. 5. Higher power view of enclosed a rea , Fig. 4. Note the mass of fine filam entous material (FM), bundles of 
filaments (FB) a nd microtubules (Mt). x 35,800. 
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FIG. 6. Longitudina l section of a melanocyte process 
fro m an untreated 8-day-old culture. Mi crofilaments (F) 
are observed just beneath t he cell membra ne. Microtu-
bules (Mt) a re also present. x 47,000. 
F IG. 7. Longitudina l section of a melanocyte process 
from an 8-day-old cul ture t reated for 20 minutes with 10 
,ug/ml of cytocha las in . A mass of granular and fil amen-
tous material (FM) is observed just beneath the cell 
membrane. x 33,500. 
FIG. 8. Section through 2 melanocytes (M) and a keratinocyte (K) from an 8-day-old culture t reated for 20 min-
utes with 10 ,ug/ml of cytochalas in. The melanocyte rema ins attached to the keratinocyte. Masses of fi ne filamen-
tous material (FM) are observed just beneath the keratinocyte membra ne. x 3,450. 
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FIG. 9. Hi gh magnifi cation view of t he association 
between a mela nocyte (M) a nd a kerat inocyte (K) 
t reated for 20 minutes with 10 J,lg/ml cytocha lasin . 
Masses of' fil a mentous mate ria l (FM) are obse rved just 
beneath the cell membra ne in both the melanocyte and 
keratinocyte . x 26,000. 
a ll el to the longitudinal axis of t he cell process; 
40- 110 A filaments are also scatte red throughout 
the ce ll. DMSO- treated kera tinocytes and mela-
nocytes appea r the sa me as the untreat ed cells. 
After a 20 minu te exposure to cytocha las in the 
kera tinocytes begin to retract and pull apart (Fig. 
4). T he band of microfil aments just beneath the 
ce ll membrane is replaced by masses of granular 
and short fil amentous materia l (Fi gs. 4, 5, 8 and 
9). On the other hand, t he bundles of 60- 110 A fil-
a ments and microtubules are unaffected. M elano-
cytes treated wi th cytocha lasin show a decrease in 
number of microfi laments just beneath the cell 
membran e, thi s is acco mpanied by the presence 
of granular and fil a mentous materia l (Figs . 7 and 
9) . The microtubules and scattered fila ments in 
these ce lls are unaffected . 
In the cytochalas in -treated cells many of the 
areas of contact between the mela nocytes and 
ke ratinocytes remain (Figs . 8 and 9). All other 
cell orga nelles, other than the mi crofi laments, 
appear normal in t he presence of cytocha las in. 
DISCUSSIO N 
The present stud y provides new information 
concerning melanocyte- keratinocyte interactions. 
It shows tha·t the cell-to-cell attachments between 
these two cell types still remain after the kera -
t inocytes and melanocytes have retracted in re-
sponse to cytochalas in . Li t tle is known about t he 
manner of attachment of the melanocytes to t he 
kera tinocytes. It does not a ppear to be desmo-
somal as does the keratinocyte-keratinocyte at-
tachmen t. When t rea ted wi th cytocha las in, many 
of the desmosomal a t tachm ents between keratin-
ocytes break apa rt whereas the a t tac hmen ts be-
tween mela n ocytes a nd kerat in ocytes re main . 
Recent work with embryo nic ce lls indicates that 
there are specific moieti es on a ppos ing cell sur-
faces which are res ponsible for the in tercellular 
adhes ion of t hese ce lls (21- 23). Althou gh there is 
no evidence as yet to support the idea, it is po -
sible t ha t there a re s ites on the kerat inocy te and 
melanocyte ce ll surfaces which are involved in the 
a dh es ion of those two cell ty pes to each other. 
In this study pigment donation is not observed 
in cul tures t reated with cytochalas in. As to 
whether pigment donat ion bea rs any relationship 
to undulation of cell membranes and the presence 
of microfil a ments is unclear. Cy tocha lasin does 
produce cessat ion of membrane ruff1ing in kera-
t in ocytes a nd an inhibi t ion of cell movement in 
both melanocytes a nd keratinocytes . T his change 
in cell acti v ity in t urn correlates wi th a breakdown 
of a periph era l band of microfil a men ts in these 
cells. In a number of different cell types a sim ilar 
correlation has been found between cessation of 
cell movement and breakdown of microfil aments 
(15- 17). In t he present study it is poss ible, as has 
been s peculated (4, 5, 8), that the microfila ment 
a re cont ractil e and play a rol e in membra ne move-
ments. To suggest t his membrane activity is im-
portant for pigment donation would be highly 
speculative at thi s t ime. In ce ll cul tures, however, 
an increase in membrane ruff1ing of keratinocytes 
is obse rved in the a rea of contact wi th a melano· 
cy te process (2, 3) and thi s membrane ruff1ing is 
inhibi ted by cy tocha las in. 
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